Regulation of the maturation of osteoblasts and osteoclastogenesis by glutamate.
Glutamate, an important central excitatory neurotransmitter, is also secreted by osteoblasts and may be involved in the regulation of bone metabolism. Glutamate receptors for N-methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) are demonstrated in bone cells. Here we investigated the in vivo effects of glutamate by local injection of AMPA, NMDA, and their antagonists into tibia as well as their in vitro effects on the maturation of osteoblasts and formation of osteoclasts. AMPA receptor antagonist CNQX and NMDA receptor antagonist MK-801 significantly inhibited the maturation and mineralization of osteoblasts in high-glutamate alpha-MEM. On the other hand, AMPA and NMDA up-regulated the mineralized deposition and osteocalcin mRNA expression of primary osteoblasts cultured in glutamate-free DMEM. AMPA and NMDA induced the phosphorylation of extracellular signal-related kinases (ERK) in osteoblasts within 15 min. In addition, NMDA but not AMPA up-regulated the number of osteoclasts while MK801 antagonized this potentiating effect. To explore the action of glutamate agonists on bone formation in animal model, AMPA was locally injected into tibia and it was found that the bone volume in secondary spongiosa significantly increased and co-treatment of CNQX antagonized the enhancing effect of AMPA. These results suggest that glutamate may play a physiological role in regulating the maturation of osteoblasts and osteoclastogenesis. Activation of both AMPA and NMDA receptors regulates the maturation of osteoblasts. NMDA but not AMPA affects receptor for activation of NF-kappaB ligand (RANKL)-induced osteoclastogenesis.